This evidence based practice describes the implementation of a two-quarter first-year engineering course, Introduction to Engineering, which provides an experiential learning experience to first year students focused on the engineering design process. Students complete two team based design projects, one per quarter, while using acquired skills in CAD, basic machining, and microprocessor programming to design, fabricate and test quadcopters. In addition, the course provides students with information on different engineering disciplines so they can make a more informed decision as to whether engineering is the right major. Student satisfaction was assessed at the end of each quarter. The impact of the course is evaluated through annual surveys to examine student motivation including student interests in engineering and the importance of teamwork.
Introduction
Advancement in science and engineering has become crucial to our nation in order to create jobs, optimize knowledge-based resources, and maintain a high standard of living 1 . With national engineering enrollment rapidly increasing, improvement and reformation in engineering education is vital in matriculating high quality, motivated graduates 2 . However, the majority of applicants have not been exposed to the field of engineering prior to high school graduation and have minimal hands-on science and engineering experiences in the K-12 curriculum. Furthermore, upon college entrance, engineering students often experience a discrepancy between classroom learning and practical engineering applications under many existing theoryfocused curricula 3 . Consequently, this disconnect is often cited by industry who hire engineering students as interns or permanent employees. Moreover, with such curricula, students may be far less engaged and motivated. Studies have shown that, counter-intuitively, students who leave engineering due to lack of interest and engagement may be in good academic standing and perform well in core courses 4, 5 .
To battle the challenge of retaining and motivating students, engineering educators have developed various models ranging from a survey based introduction to different engineering disciplines, and the integration of project-based, problem-solving learning methods during the last decades. Such practices have successfully enhanced students' experiences during their first year and, hence, significantly improved student retention, motivation and satisfaction of the engineering curriculum 6 .
We report on the initial and continuous development of a two-quarter first-year engineering course titled Introduction to Engineering, spanning Fall and Winter quarters, to provide students a basic understanding of the engineering design principles and various disciplines. In addition, the concepts of product development, project management, technical communication, teamwork and professional development are integrated into the course simulating "real-world" scenarios to better prepare our students for career paths in industry. An additional component focused on entrepreneurship was integrated in the course during the Winter quarter.
Course Development
To successfully formulate and engineer a freshmen program in 2012, we visited several renowned national first-year programs including University of Michigan, Purdue University, The Ohio State University, and University of Maryland. After detailed discussions with colleagues at these universities, we obtained a better understanding of the distinctive structure of each firstyear program. After analyzing the benefits and challenges from these programs, we adopted the following practice: team-based and projected-based learning focused on engineering design with the integration of technical communications. Moreover, research also demonstrated that firstyear students were more comfortable approaching upperclassman for advice in comparison to speaking with faculty or graduate students 7 . Accordingly, we were advised by all four existing programs to utilize undergraduate students as aids to the graduate teaching assistant or faculty in the first-year course. For this reason, junior engineering students were recruited as undergraduate assistants to support the course.
In 2012 and 2013, we selected an autonomous hovercraft design project developed by University of Maryland due to its highly interdisciplinary nature and its focus on product development. At the University of Maryland, the first-year engineering program was implemented as a onesemester (15 week) course. Due to the complexity of the project and related training, and the difference in academic calendar, we decided to convert and expand the one-semester course to a two-quarter long sequence with two credits assigned each quarter. This arrangement also allowed flexibility to integrate additional content such as instructions on engineering disciplines and entrepreneurship. Since the first-year course was not approved as a required class, but only as an elective for all engineering disciplines, students had to choose to enroll in the course. In order to increase the course enrollment in 2014, we decided to choose a project more relevant to technologies ubiquitous in popular culture, but still retained the core focus of design principles and product development. Inspired by the Amazon Prime Air delivery system, we decided to develop two related projects for implementation -remote control (RC) quadcopter and autonomous delivery quadcopter in the first and second term respectively.
To ensure the projects were robust and challenging enough for the incoming freshmen students, two student teams consisting of one graduate and two undergraduate students were assembled to design, build and test quadcopter projects prototypes over a six-month period. The graduate students were tasked with researching various quadcopter components and learned the necessary methods required to build the quadcopter. The two teams rendered different designs in SolidWorks and tested different sets of components to find suitable parts to be used in the course. After fabrication and trials of testing, a set of design specifications suitable for the course, such as size and power requirements, were formulated. Competitions were planned at the end of each quarter with the goals of having the shortest time for the quadcopter to traverse through a set course in the Fall quarter and the shortest time for delivering two objects based on color and distance recognition in the Winter quarter. We are in the process of developing additional discipline focused projects to be implemented during the second quarter due to suggestions from faculty to diversify projects to be more major specific.
Course Implementation
Since the course was not required, first-year students were informed and recruited through presentations during summer orientations and were enrolled on a self-selecting basis. Student enrollment increased dramatically since the initial piloting in 2012 as shown in Table 1 below. Approximately one third of the 2015 incoming freshmen engineering class chose to take the Fall course, demonstrating the successful expansion of the course with modified projects. On average, students spent 3.82 hours per week outside of classroom. Students who chose not to return for the Winter quarter mainly cited schedule conflicts or course overload, in surveys taken at the end of the Fall quarter. However, when asked whether students would advise the incoming freshmen to take the course, also in surveys taken at the end of the Fall quarter, the majority recommended the course as shown in Table 1 Table 1 . Enrollment of first-year students from each academic year from 2012 to 2015
The Fall quarter course consisted of two one-hour lectures and one two-hour lab per week with lectures focused on technical topics, project management and team work, professional development, and various engineering disciplines. The technical aspect of the course covered a range of topics including engineering design principles, center of gravity, flight dynamics, stability, basic circuitry, and related fundamental topics necessary to design a quadcopter. From past student surveys of the pilot class in 2012, students concluded that the most important factor to the success of their project is team work. Thus, we emphasized the importance of project planning and team work throughout lectures. The teaching assistants also created a skit illustrating both dysfunctional and healthy team dynamics respectively. Student survey results on team work will be shown later in this paper.
In response to the number of undeclared engineering students in the class, five lectures featured faculty from each department presenting an overview of their major and current research within the department. Students with declared majors also benefited from these presentations as it gave them a basic understanding of other engineering disciplines and highlighted highly interdisciplinary emerging fields such as internet of things, clean energy, nanosystems, etc. This interaction with faculty engaged and encouraged students to explore research opportunities.
Similar to Fall quarter, Winter quarter consisted of one one-hour lecture and one two-hour lab per week. Topics including sensors, microcontrollers, programming and control were integrated into the course to satisfy the autonomous delivery aspect of the project. Additional lectures on technical and professional communications were included in the lectures to prepare students for technical presentations and interviews. As part of leadership development, three lectures on entrepreneurship were integrated into the course to allow students to contemplate on the business aspects of engineering. Students were requested to formulate in teams a business plan related to quadcopters. Moreover, multiple industry speakers and start-up founders were invited for class presentations regarding engineering design, career options, and cutting-edge research and technology to encourage interaction and participation of the first year students with industry leaders. We will report the results of incorporating entrepreneurship in future papers.
In each quarter, lab sessions were co-taught by TAs and technical staff. Each lab session had up to 24 students who were divided into teams with four to six students per team. The students were trained with necessary fabrication skills such as using hand tools, basic machining, woodwork, and basic electronics during the first four lab sessions in Fall quarter. SolidWorks, the required computer-aided design (CAD) software, was taught during lab sessions and students were not allowed to fabricate until a final design was submitted and approved by the lab instructor. According to the project requirements, other necessary training, such as programming microcontrollers, was incorporated in order to provide students enough knowledge to complete the project. During Winter quarter, Rapid Manufacturing/3D printing was also introduced as part of the course to enable students to experience alternative fabrication methods. To demonstrate project management skills, students were also required to submit Gantt charts to the lab instructor to depict the work breakdown tasks. A budget of $400 and $500 was given per team to build the quadcopters in each quarter respectively. A purchasing process was simulated as students had to submit a purchase request for desired components, which we supplied. A design report including all details of the project was required for submission at the end of each quarter.
Methodology of Assessment
A course evaluation was administered to the class for assessment each quarter. Student satisfaction was evaluated by rating the following on a scale from 0 to 4, where 0 is "very dissatisfied", 1 is "somewhat dissatisfied", 2 is "neutral", 3 is "satisfied" and 4 is "very satisfied":
 Course organization  The effectiveness in significantly increasing knowledge in fabrication skills  Lecture notes, syllabus, and supplied material  Overall rating
The students were expected to develop a basic understanding of the engineering design process, the ability to use basic hand tools, CAD program and microcontrollers, and gain a broad view of different engineering disciplines. Though design process and teamwork were the primary foci of the course, we recognized that fabrication skills were also important for the purpose of project prototyping. Furthermore, we observed that students with prior fabrication experiences typically performed better during capstone design projects especially in device manufacturing. The course evaluation, given at the end of each quarter, asked students to self-assess their ability by comparing the following skills at the beginning and the end of quarter on a scale of 0 to 4 where 0 is "very little", 1 is "somewhat", 2 is "average", 3 is "moderate" and 4 is "high": To further assess the impact of the course and its effectiveness in enhancing student motivation and understanding the importance of team work, an additional survey was given to students (pilot) who self-select into the first-year engineering course and another cohort (control) of students who were not enrolled in the course but volunteered to participate in the survey. This paper only showed results of the two cohorts we solicited in Fall 2012, and surveyed each successive year. The students were asked the following questions on a scale of 1-10 where 1 = "Not interested at all" and 10 = "Extremely interested" at the beginning of Fall quarter, at the end of Winter quarter, and then on an annual basis:
 Rank their current interest in majoring in engineering  Rank their current interest in pursuing a career in engineering  How important do they consider the non-Engineering courses (biology, physics, math, etc.) to current academic and career goals?
We also asked both the pilot and control groups to express their opinions on teams and learning by ranking their agreement with the following statements using the terms: strongly disagree, disagree, no opinion, agree, or strongly agree. The assigned corresponding score was 1 (strongly disagree) to 5 (strongly agree) respectively.
 Student teams produce better results than students working individually.  Developing skills at working in teams is important to your future academic and career goals.  It is more important to learn the concepts and methods of engineering than it is to receive high grades in engineering classes.  I feel confident in my ability to succeed in an Engineering major.  I feel confident in my ability to succeed in an Engineering career.  My fellow students are useful resources that I may draw upon in my Engineering courses.
For statistical analysis, differences between two groups were tested by the Student's t-test. Differences were considered significant if p < 0.05.
Results and Analysis
As shown in Figure 1 , student satisfaction using the quadcopter design project were measured by the average score of course organization and format, course effectiveness in increasing fabrication skills, effectiveness of lecture notes/syllabus/supplies materials, and overall rating using the scale described previously. 219 students participated in the Fall 2014 survey (indicated in blue) and 154 students participated in the Winter 2015 survey (indicated in red). Error bars were calculated based on standard deviation of the collected data. When asked whether the course should be recommended to incoming first-year students at the end of Fall quarter, 88% recommended the course, 9% refused due to the amount of work load, and 3% refused due to other reasons. Based on feedback from student evaluations regarding work load, most enjoyable and least enjoyable aspects of the course in Fall quarter, adjustments were made in Winter quarter accordingly to enhance the course. For example, to increase efficiency and reduce work load, both homework assignments and lab trainings were designed to be less theoretical and more practice based with direct application to the project. More demonstrations were incorporated into lectures to engage students. As shown in Figure 1 , student experience improved for Winter Quarter relative to Fall quarter in the average score and also the standard deviation in all four course aspects. In the same evaluation, students were also asked to self-assess their ability and necessary skills for completing the quadcopter project at the beginning and end of the quarter respectively. The survey results clearly demonstrated successful student learning outcomes on the assessed skills. As shown in Figure 2 , higher average ratings with standard deviation at the end of the quarter (red) can be observed in comparison to the corresponding results at the beginning of the quarter (blue). Thus, the first year engineering course made a significant impact in understanding the design process, increasing student fabrication skills, student's ability to use CAD software, learning programming and understanding the differences among various engineering majors.
To assess the longitudinal impact on student motivation and student views on teamwork and learning, we solicited a cohort of 72 first-year engineering students (control group) who did not enroll in the pilot course in 2012. The same survey was also administered to 72 students enrolled in the pilot course (pilot group). The students in both groups were surveyed each successive year in the beginning of Fall quarter in 2012 (F12), the end of Winter quarter in 2013 (W13), the end of Winter Quarter in 2014 (W14) and the end of Winter Quarter in 2015 (W15). The students were asked the same questions as described previously in Methodology of Assessment. The control group with an average high school GPA of 4.01, and SAT Math score of 667, was an academically stronger cohort compared to the pilot group whose average high school GPA was 3.91 and SAT math of 605. In Table 2 and Table 3 , the mean value with standard deviation were listed for the pilot and control group respectively. N represents the sample size which is the number of students who answered the particular question. P-value was also calculated to examine the differences between two groups. Table 2 . Survey results on student motivation of two cohorts: students who took the first-year engineering course (pilot) and student who did not enroll in the course (control). Mean and standard deviation are calculated. N represents the sample size.
